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(57) Abstract 

A method and a device (1) respectively designed to treat a paper web (12) by using heat radiation from infrared lamps (4) 
and cooling air, which flows around these lamps and against the paper web, glass plates (9) being used to shield the paper web 
from the infrared lamps and inserted in glass holders (8), in connection with which the cooling air is ejected against the paper 
web and is sucked off again. In order to improve the total efficiency, particularly as to an even and efficient drying of the paper 
web without using more but rather less energy the cooling air ejection holes adjacent the glass holders are designed as nozzles (19) 
directed against the paper web and having a steplessly adjustable gap width. The gap extends across ail the width of the paper 
web and the cooling air is ejected from it with a high speed, forming a knife to tear apart the boundary layer of humid air which 
follows the paper web and subject the paper web to more intense heat treatment and a removal of additional parts of said boun- 
dary layer, when the paper web leaves the treatment area respectively. 
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A method and a device of treati^^_c^tinuous_material web. 

The present invention relates to a method of treating a 
continuous material web, • particularly a paper web, accor- 
ding to the preamble to patent claim 1. Also, the inven- 
tion relates to a device designed to carry out the method 
according to patent claim 1, which device is defined in 
more detail in the first device claim- 
When e.g. paper materials are dried, a continuous paper 
web is run past one or several arrays of infrared heat 
elements. 'These elements comprise infrared lamps, mounted 
in reflector frameworks and separated" from the paper web 
by means of glass plates in order to e.g. reduce the fire 
hazard and protect the lamps. Thus, the lamps must then 
be cooled and also the glass plates and the holders of. the 
latter, because very high temperatures are reached. In or- 
der to obtain such a cooling, the area behind the reflec- 
tor frameworks and their sheets as well as the glass hol- 
ders is usually pressurized and the cooling air which is 
used is allowed through a system of cavities to flow past 
all the parts which are to be cooled and finally to leave 
the heat elements and flow against the paper web, from 
which the air is sucked and possibly reused in the dry- 
ing process. 

As to the above-mentioned conventional infrared heat ele- 
ments the cooling air flows out usually through lines of 
holes or not aerodynamicly designed gaps across the web, 
which means that the cooling air is diffused very quickly 
close to the holes and reaches the paper web with a compa- 
ratively low speed. The speed usually is so low, that the 
boundary layer of humid air along the paper web surface 
and following it is not completely broken through. Conse- 
quently, the cooling air which flows against the paper 
web does not have a sufficient drying action, and thus se- 
veral infrared heat elements are needed and/or an increased 
radiation intensity and amount of supplied • energy . Also, 
when hole patterns are used, they may not cover the paper 
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web evenly in the perpendicular direction, a streak effect 
and consequently an uneven drying effect being obtained. 
* Also, the holes and the gaps respectively cannot be adjus- 
ted and thus, the cooling air supply cannot be adjusted 
afterwards. The manufacturing and/or assembly costs can 
also be troublesome in conventional plants. 

. WO-A-87/005644 relates to an air-float drier, particularly 
for paper webs, a number of units including ventilation 
and infrared heat radiation devices being mounted on alter- 
nately opposite* sides of a web which is to be dried. By 
means of the ventilation equipment air jets are directed 
substantially parallel to the web and the humid boundary 
layer of which consequently is not substantially influenced 
by the air jets, the main task of which is to bring about 
a pressurization in front of the infrared heat radiation 
equipment in order to bend the web away from said equip- 
ment and support or stretch it in this way. As is realized, 
the entire drying device is very bulky and expensive as re- 
gards its manufacturing, assembly and operation, its ener- 
gy consumption being very large. One of the drawbacks of 
the device as to its drying effect is also that the venti- 
lation air, which is supplied against the paper web, is 
not allowed to pass through the infrared heat radiation 
equipment to become heated there to an elevated and con- 
sequently drying-efficient temperature but is circulated 
around said equipment, whereas the air which passes through 
said equipment is removed through cavities 23 and 31 to be 
recirculated within the plant. The dimensions of the units 
are large and consequently the drying units of the entire 
assembly are very bulky, and how the ventilation air is 
taken care of is not discussed. 

SE-B-404 213 relates to a device for drying a moving mate- 
rial web without a heat radiation equipment, the ventila- 
tion air being ejected against the material web through a 
screen of holes, which have different fimensions. It is 
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true that the air is ejected perpendicularly to the web 
surface, a continuous air-float effect being obtained, 
but the air stream unresiliently hits the boundary layer 
on the material web without being able to rip it open in 
any way. This drying device apparently is not very effi- 
cient and useful in applications/ in which a maximum dry- 
ing is to be accomplished within a minimum area, the supp- 
lied energy being utilized in a maximum way. 

SE-B-455 709 relates to a combined infrared radiation and 
ventilation-drier, e.g. for paper webs. However, the ven- 
tilation air is not directed against the web at all but is 
run parallel to it, no boundary layer-influence at all ta- 
king place. Of course, the drier in this way has a strong- 
ly reduced efficiency and the energy consumption is large 
without being of any sufficient service. 

The object of the ^present invention is to as regards what 
has been discussed above improve and further develop the 
conventional methods and devices for treating continuous 
material webs. 

This object is achieved by carrying out a method of the 
type described in the introductory portion above in accor- 
dance with the characterizing clause of patent claim 1. 
Also, said object is achieved by means of a device accor- 
ding to the first device claim. 

Additional characterizing features and advantages of the 
invention are set forth in the following description, re- 
ference being made to the accompanying drawings showing 
a preferred but not limiting embodiment and in which: 
Fig. 1 shows a device according to the invention in a ver- 
tical sectional view; 

Fig. 2 is a view along line A-A in Fig. 1; 

Fig. 3 shows a detail according to Fig. 1 having a comple- 
tely open damper; 
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Fig. 4 shows various views of a glass holder according to 
the invention; and 

Fig. 5 is a view of one part of the glass holder shown in 
Fig . 4 . 

In the drawings a device 1 according to the invention is 
shown in its entirety. It comprises a reflector framework 
with reflector sheets 3 and infrared lamps 4. The frame- 
works are suspended in mounting means 5. In connection 
with the frameworks there preferably are exhaust air ducts 
6 adjacent the two ends, through with ducts the predomi- 
nant portion of the intake air, ejected towards the paper 
web, is removed, e.g. by means of negative pressure, not 
shown in detail. The intake air can be supplied by a fan, 
not shown, and flow through said frameworks in a way 
known per se and not shown in detail here. 

Glass holders 8 are mounted below said mounting means 5, 
e.g. screwed on by means of screws 7 and in pairs support 
glass plates 9, which are inserted into grooves 10 in a 
lower holder part 11, which suitably is designed as a 
flat list, which extends in a plane parallel to and at a 
distance above a passing paper web 12. The two longitu- 
dinal sides of the list suitably are bevelled below and/ 
or above the plane of the glass plates. 

Glass holder part 11 suitably is made integral with e.g. 
two spacers 13, mounted at a distance from each other, 
and with a guide part 14 mounted above them, which latter 
is plate-shaped with an outer longer side, which is smooth- 
ly bent downwards towards the paper web and thus forms a 
guided flange 15. Different thicknesses of material can 
be used along the cross-section of the entire guided part, 
the flange e.g. being considerably thinner. Guide part 14 
without its guide flange extends at least approximately 
in a plane-parallel direction in relation to holder part 
11. A minor convergence can possibly be used towards the 
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flange at the inner half of guide part 14. 

The fastening screws of the glass holders suitably extend 
through holes 16/ which extend in a central direction 
through spacers 13 and the adjacent areas of parts 11 and 



There is also a groove 17 in the outwardly turned long 
edge of parts 11, which groove is designed to suitably 
displaceably in the longitudinal direction of the paper 
web receive a damper 18, which is a flat list 21 with the 
exception of the outer long edge, namely the edge facing 
flange 15, which suitably is thick and forms one side of 
a nozzle gap 19, the other side of which is formed by sta- 
tionary flange 15. Said one side is a damper surface 20 
having a plane which is parallell to flange 15 and sui- 
tably extends on the two sides of the plane, e.g. a cen- 
ter plane formed by said flat list 21. In connection with 
its plane-parallel extension surface 20 continues in a 
lower and an upper bend and the upper bend radius may be 
twice as large as the lower one. The bends are approxi- 
mately half circular-cylindrical in such a way, that 
above list 21 a twice as wide and/or thick guide bead 22 
is obtained as compared to a guide bead below list 21. 
Thanks to the described design of the damper an efficient 
cooling air flow is obtained at the inlet of the nozzle 
as well as at its outlet. 

As is shown in the drawings the- damper can be adjusted in- 
to various positions by inserting it into groove 17 to 
different depths and locked in these positions by means 
of screws 23 fastened in list 11. In this way a nozzle 
gap 24, formed by flange 15 and surface 20, is adjusted 
steplessly with a great accuracy. The free long edge of 
the flange can thus advantageously end approximately in 
front of the central part of surface 20 as regards its 
extension in a transversal direction in relation to the 
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paper web. Flange 15 is in its turn suitably positioned 
in front of the center of the corresponding exhaust air 
duct 6 as regards its extension in the longitudinal di- 
rection of the paper web. The gap width can be e.g. 4-11 
nun and as large as 16 ram without the damper. 

Flat list 21 is provided with holes 25, adjacent its ends 
and oblong in the displacement direction of the list and 
designed to surround screws 23. Between holes 25 there are 
recesses 26 in the flat list about spacers 13. Guide part 14 
is on its free side provided with longitudinally through 
locating ribs 27, which have a trapezoidal profile, at 
either side of spacers 13 in order to hold and be posi- 
tioned on raised portions 28, which extend downwards from 
the ends of each unit 1. Also, guide part 14 is provided 
with holes 29 and 30, designed to render possible and fa- 
cilitate respectively an assembly and disassembly work. 

Since, as is shown in the drawing, a series of devices 
according to the invention can be joined to each other in 
order to bridge the whole width of the paper web, the mu- 
tually adjacent device edges preferably being oblique, an 
uninterrupted gap is obtained and consequently a streak- 
less treatment of the paper web as to heat treatment as 
well as to cooling air supply. Lastmentioned supply has 
never before been supposed to also result in a treatment 
but merely as a certain ejection zone for consumed coo- 
ling air. Thanks to the characterizing features of the 
present invention, also the feature that the cooling air 
can be strongly pressurized and consequently can have a 
high ejection speed through the nozzles, it is possible 
to transform the consumed cooling air, which in fact is a 
strongly heated exhaust air, to an air-knife, which ex- 
tends across all the width of the paper web and with a 
speed of up to 70 m/sek. flows towards the paper web and 
efficiently penetrates the above-described boundary lay- 
er along the paper web and rips open this layer adjacent 
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the inlet to the first nozzle. In connection with this a 
forced drying-process can take place, since said boundary 
layer, which has been ripped open, now has a strongly re- 
duced moisture content and absorbs less heat radiation as 
well as does not have a restraining effect on the moisture 
disappearance from the paper web any longer. The remaining 
parts of the boundary layer which has been ripped open are 
subsequently attacked on the downstream side of the se- 
cond nozzle and also in this area takes place a more effi- 
cient vacuum removal of a major boundary layer portion in 
the exhaust air than what has been the case before, which 
also results in a forced drying downstreams of the IR- 
equipment. 

The glass plates can form a closed unit across the width 
of the paper web, which does not allow exhaust air to flow 
through it, or a certain advantageous exhaust air dis- 
charge can take place, e.g. due to a mutual overlapping - 
of the glass plates in a known way, which allows a small 
amount of air to flow through the overlapping zones. Such 
a limited outflow may contribute to the advantageous to- 
tal efficiency of the device, i.a. due to an improved 
cleaning of said glass surfaces. 

The characterizing features of the invention are: 
The designed nozzle (the gap) can be adjusted in a simple 
fashion to the desired outflow speed in order to. meet the 
requirements of different paper webs. A varying and ad- 
justable outflow speed and a pressure impulse caused there- 
by against the paper web on the air supply side can in com- 
bination with a constant vacuum removal of exhaust air, 
integrated in the IR-housing, across the width of the web 
allow the IR-housing to function e.g. as a guide roller 
regarding the web having an arbitary bending direction. 
Thus, by adjusting the nozzles of the glass holders with 
different gap widths across the web different speeds/pres- 
sure impulses towards the web for different web sections 
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can be obtained, a positive actuation of the runnability 
of the paper web being attained, since the IR-housing 
then functions as a guide roller. 

The nozzle is to be designed aerodynamic ly in a proper way, 
in order -to develop a satisfactory collected air stream, 
the maximum velocity of impact of the air against the paper 
web being insignificantly lower than the outlet-speed, al- 
so at a distance of 30-40 mm. If the outlet opening e.g. 
has sharp edges, turbulences and significant speed reduc- 
tions are obtained. 

The dimensions of the nozzle jointly with the overlapping 
of the glass plates can result in a pressurization under 
the plates with outlet speeds of up to 70 m/s and simul- 
taneously a most efficient perpendicular impact blowing 
is used against the paper web in order to achieve a maxi- 
mum convection heat transmission and boundary layer effect. 
The elevated outlet speed, almost twice as large as in 
conventional systems allows.- .jointly with the more collec- 
ted air flow, a considerably improved drying effect, par- 
ticularly pronounced in IR-positions with a high moisture 
content in the paper web. 

The gap design of the glass holder allows, jointly with 
the position of the exhaust air duct, placed at a lower 
level, a maximum portion of the air supplied to the web 
to be captured and reused in other suitable drying sec- 
tions in the process. 

The adjustable gap width of the glass holders allows the 
impact flow speed against the paper web to be varied in a 
simple way in an IR-device to a suitable level for freely 
running paper webs having a low web tension. It is in this 
way possible to use the highest suitable supply air speed 
considering the runnability of each individual paper web 
and the need of influencing the boundary layer in connec- 
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tion with the drying. 



The individual adjustable gap width and then also the im- 
pact blow speed, the pressure impulse of each module in the 
cross-direction of the web allows, jointly with an air ex- 
hausting device, mounted across the web and integrated in 
the IR-housing, i.e. the space above or behind the frame- 
works, an adjustment of a freely running web having a vary- 
ing web tension/web handling in the transversal direction, 
which results in an improved runnability for the web and 
consequently a reduced web break frequency. A special case 
of this is the possibility described above to, by means of 
the guidable pressure impulses of the glass holders trans- 
versely to the web allow the IR-housing to function e.g. 
as a guide roller having a selectable bend direction re- 
garding the web. In this connection it is important to 
take into consideration also the tension effect, which is 
obtained due to the suction zones 6 in connection with eve- 
ry blowing gap. A sufficiently large suction force, which 
is obtained through a corresponding negative pressure in 
suction ducts 6 will result in a certain web tension be- 
fore and .after each unit 1, positively counteracting and 
stabilizing the tensioning, which is obtained by means of 
said air-knives. Since it is easy and simple in a device 
according to the present invention to steplessly adjust 
the air supply and the exhaust air amounts as well as the 
gap width, in this way an excellent instrument is obtained 
designed to solve e.g. stabilization and break problems 

of a freely running material web, also in case such a web 

2 

has a very low surface weight, e.g. about 30 g/m and/or 
a high speed, e.g. about 1000 m/min. 
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CLAIMS 

1. A method of treating a continuous material web (12), 
particularly a paper web, which by means of heat-ventila- 
tion-units (1) is flushed with air streams as well as heat- 
treated through radiation from infrared lamps (4), prin- 
cipally for drying,, said infrared lamps being shielded 
from the material web by means of glass plates (9), in- 
serted with its ends in glass holders (8), gap nozzles 
(19) , mounted after each other in the direction of move- 
ment, designed for the ejection of said flush air streams, 
being formed from said glass holders and parts (14) placed 
outside the glass holders, 

characterized in that said flush air is air 
used to cool the infrared lamps (4) and their surrounding 
equipment, which flush air in this way is transformed in- 
to a strongly heated exhaust air, which is pressurized and 
consequently will have a large ejection speed of preferab- 
ly up to 70 m/sek. from the gap nozzles (19) , in that a 
series of units (1) are attached to each other in order to 
bridge the entire width of the material web and in this 
way form uninterrupted gaps (24) och then also a streak- 
less treatment of the material web as regards the heat 
treatment as well as the flush air supply by means of air- 
knives, formed in this way, extending transversely to the 
material web (12) in order to obtain a maximum convective 
heat transmission and a boundary layer influence and ex- 
tended along all the width of the material web, the first 
air-knife as regards the direction of movement of the web 
being preceded by a vacuum zone (6) , designed to prelimi- 
narily suck off air containing moisture and heat, and be- 
ing used to tear apart said boundary layer, which follows 
the material web, in order to accomplish a subsequent 
forced drying process, and in that the remainders of the 
torn, apart boundary layer downstreams are attacked by the 
second air-knife and sucked off through a subsequent vacu- 
um zone (6) - 
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2. A device designed to carry out the method according to 
claim 1, in which a continuous material web (12), parti- 
cularly a paper web, by means of heat-ventilation-units 
(1) will be flushed with air streams as well as heat-trea- 
ted through a radiation by means of infrared lamps (4) , 
particularly in order to dry the material web, the infra- 
red lamps being shielded from the material web by means 
of glass plates (9), inserted with their ends in glass hol- 
ders (8) , gap nozzles (19) designed for the ejection of 
said flush air streams, mounted after each other and formed 
in the direction of movement of the web by said glass hol- 
ders and parts (14) positioned outside the glass holders, 
characterized in that the used flush air is 
air for cooling the infrared lamps (4) and their surroun- 
ding equipment, in that the flush air in this way will be 
transformed into a strongly heated exhaust air, which will 
be pressurized and consequently will have a large ejection 
speed of preferably up to 70 m/sek. from the gap nozzles 
(19), in that a series of units (1) are attached to each 
other in order to bridge the entire width of the material 
web and to form uninterrupted gaps (2 4) and consequently 
achieve a streakless treatment of the material web as re- 
gards heat radiation as well as flush air supply by means 
of air-knives, formed in this way and extending along the 
entire width of the material web (12) and extending trans- 
versely to the material web in order to obtain a maximum 
convective heat transmission and a boundary layer influ- 
ence, the first air-knife as regards the direction of 
movement of the web being preceded by a vacuum duct (6) , 
designed for a first suction-off of air containing mois- 
ture and heat,, and being used to tear apart said bounda- 
ry layer, which follows the material web, in order to ac- 
complish a subsequent forced drying-process, and in that 
the remainders of the torn apart boundary layer down- 
streams are attacked by the second air-knife and sucked 
off through a subsequent vacuum duct (6) . 




WO 92/18693 PCT/SE92/00256 

12 

3. A device according to claim 2, characterized 
in that each unit (1) comprises a reflector framework (2) 
with reflector sheets (3) and said infrared lamps (4) and. 
with suspension means (5) , in which the frameworks are 
mounted and in connection with these elements preferably 
exhaust air ducts (6) are provided at the two ends, through 
which ducts the major part of the supplied air, ejected 
against the paper web (12), is removed, e.g. by means of a 
negative pressure, not explained in detail, whereas the 
supplied air will be fed from a fan and flow through the 
frameworks in a way known per se. 

4. A device according to claim 3, characterized 
in that below the suspension means (5) said glass holders 
(8) are mounted, e.g. fastened by means of screws (7) , which 
glass holders in pairs between them support said glass 
plates (9), which are inserted in grooves (10) in a lower 
holder part (11), which suitably is a flat list, extent- 
ding in a plane parallel to and at a distance above the 
passing paper web (12), and in that the two long sides of 
the list suitably are bevelled below and/or above the plane 
of the glass plates. 

5. A device according to claim 4, characterized 
in that the glass holder part suitably is made integral 
with e.g. two spacers (13), mounted at a distance from each 
other, and above said spacers a guide part (14) , which is 

a plate having an outer long side, which is slightly bent 
downwards towards the paper web and forms a guide flange 
(15), different thicknesses of material preferably being 
provided along the entire cross-section of the guide part, 
the flange e.g. being considerably thinner, and in that, 
the guide part (14) without the guide flange extends at 
least approximately in a plane parallel to the holder 
part (11) , preferably a slight convergence towards the 
flange at the inner half of the guide part (14) being 
provided . 
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6. A device according to claim 5, characterized 
in that the fastening screws (23) of the glass holders (8) 
are inserted through holes (16), which extend centrally 
through said spacers (13) and the adjacent areas of the 
lower glass holder part (11) and the guide part (14). 

7. A device according to claim 5, characte- 
rized in that in the outwardly turned long edge of 
the lower glass holder part (11) there is a groove (17) , 
which is designed to receive, suitably displacebly, in 
the longitudinal direction of the paper web a damper (18) , 
which is a flat list (21) with the exception of the outer 
long edge, i.e. the long edge which faces the flange (15), 
which long edge suitably through a widening forms one side 
of a gap nozzle (19) , the other side of which is formed 
by the stationary flange (15) . 

8. A device according to claim 7, characte- 
rized in that said one side of the damper (18) is a 
damper surface (20), the plane through which is parallel 
to said flange (15) and which suitably extends on both 
sides of that plane, e.g. a central plane, which is formed 
of said flat list (21), in that said surface (20) adjacent 
the plane-parallel extension continues in a lower and an 
upper bead, the upper bending radius suitably being twice 
as large as the lower one, and in that the beads are app- 
roximately half circular-cylindrical, a guide bead (22) 
being obtained above the flat list (21), which is twice 

as wide and/or thick as the guide bead obtained below 
the list (21) . 

9 . A device according to claim 8, characte- 
rized in that the damper (18) is adjustable into 
different positions by inserting it to different depths 
into the groove (17) and is locked in the different posi- 
tions by means of the screws (23) fastened in the lower 
holder part (11) , a steplessly adjustable nozzle gap (24) 
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being formed by the flange (15) and the surface (20) , the 
free long edge of the flange preferably ending roughly op- 
posite to the central part of the surface (20) as regards 
its extenison transversely to the paper web (12) , and in 
that the width of the gap can be adjusted to e.g. between 
4 and 11 mm and can be adjusted to 16 mm without said dam- 
per respectively. 

10. A device according to claim 9, characte- 
rized in that the flange (15) suitably is positioned 
opposite the central area of the corresponding exhaust air 
duct (6) as regards its extension in the longitudinal di- 
rection of the paper web. 
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